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Objective: To evaluate pelvic ﬂoor muscle strength after the modiﬁed pelvic reconstruction procedure for
pelvic organ prolapse (POP).
Materials and methods: Patients were assigned to two groups consisting of 37 patients diagnosed with
POP and undergoing modiﬁed pelvic reconstruction (reconstruction group), and 30 patients admitted to
our hospital during the same period for other surgical indications (control group). Vaginal palpation of
pelvic ﬂoor muscle strength was performed according to the modiﬁed Oxford grading system before
operating on the two groups and again in the 3rd month following surgery for the reconstruction group.
A comparative study was performed to evaluate the differences between the two groups and the
improvement of pelvic ﬂoor muscle strength in the reconstruction group.
Results: The pelvic ﬂoor muscle strength was signiﬁcantly improved postoperatively when compared
with preoperative results in the reconstruction group (t ¼ 17.478, p < 0.001). However, pre- and
postoperative muscle strength in the reconstruction group was signiﬁcantly lower relative to the control
group, respectively (c2 ¼ 63.293, p < 0.001; c2 ¼ 31.550, p < 0.001).
Conclusion: The modiﬁed pelvic reconstruction procedure could improve pelvic ﬂoor muscle strength in
POP patients, which remains lower when compared with the normal population. Pelvic ﬂoor muscle
strength should be included in the assessment of surgical outcomes in POP.
Copyright © 2015, Taiwan Association of Obstetrics & Gynecology. Published by Elsevier Taiwan LLC. All
rights reserved.Introduction
The pelvic reconstruction procedure is widely used for pelvic
organ prolapse (POP) globally [1]. Recent studies evaluated the
pelvic reconstruction procedure in terms of clinical outcomes and
improved quality of life [1e7], however, none have assessed its
impact on pelvic ﬂoor muscle strength in POP patients. Therefore, it
is yet to be determined whether surgical intervention involving
pelvic reconstruction is capable of altering pelvic ﬂoor muscle
strength. Considering that pelvic ﬂoor muscle strength could play a
role in POP pathogenesis and its recurrence after surgical man-
agement, complete assessment of the pelvic reconstruction pro-
cedure should include pre- and postoperative muscle strength in
addition to clinical outcomes and quality of life.and Infant Hospital of Tongji
36 Changle Road, Shanghai,
bstetrics & Gynecology. PublishedAs a representative surgical system, the “Prolift” procedure is
widely used for anterior wall prolapse worldwide [1]. However, it
was withdrawn from the medical market globally because of
complications due to the mesh material. Recently, a modiﬁed
uterus-conserving pelvic ﬂoor slingplasty was reported [8] based
on Ulmsten's theory, the efﬁcacy and safety of which was
conﬁrmed in our previous study [9].
In this study, muscle strength in POP patients was measured
before and after the modiﬁed pelvic reconstruction procedure in
order to investigate the impact of pelvic surgery on the recovery of
pelvic muscle strength.Materials and methods
Patient selection
For the reconstruction group, the inclusion criteria were women
with Stage III and Stage IV symptomatic vaginal wall prolapse
assigned to receive the modiﬁed pelvic reconstruction procedureby Elsevier Taiwan LLC. All rights reserved.
Table 1
Preoperative Oxford grading of pelvic ﬂoor muscle strength: reconstruction group vs. control group.
Group N 0 1 2 3 4 5 c2 p
Control group 30 0 0 0 0 11 19 63.293 <0.001
Reconstruction group (preoperative) 37 0 15 16 5 1 0
Table 2
Oxford grading of pelvic ﬂoor muscle strength: preoperative group vs. postoperative
group.
Reconstruction group N 0 1 2 3 4 5 t p
Preoperative 37 0 15 16 5 1 0 17.478 <0.001
Postoperative 37 0 0 1 8 27 1
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inclusion criteria were women with a clear indication for oopho-
rectomy due to benign disease and willing to participate in the
study. Excluded from both groups were those with a clear indica-
tion to hysterectomy, history of hysterectomy, or pelvic surgeries,
urinary incontinence, neurological diseases, mental disorder,
pregnancy, or lactation.
All patients gave written consent to participate and the local
ethical committee approved the study. Pelvic ﬂoor exercise was not
recommended to the patients in both groups pre- or post-
operatively during the follow-up period.
The palpation test of pelvic ﬂoor muscle strength
Pelvic ﬂoor muscle strength was tested within oneweek prior to
the operation in both the reconstruction and control groups and
again at the 3rd month after surgery in the reconstruction group.
An experienced physical therapist conducted the tests. In order
to reduce subjective bias, the therapist was not informed of the
grouping of the patients. The palpation test was performed in
random order when the patients were not in the period of
menstruation. After thorough instruction on how to correctly
contract the pelvic muscle, patients were told to relax in a resting
room for 30 minutes before testing.
During testing, the patients were in the supine position after
emptying their bladder. The position of the levator ani muscle was
identiﬁed by putting the foreﬁnger and middle ﬁnger into the va-
gina and advising the patient to contract correctly. The two ﬁngers
in the vagina were separated and positioned on two sides of the
levator ani muscle. The patient was told to contract the anus with
maximum strength. Meanwhile, another hand was placed on the
abdomen to determine whether the abdominal muscle was
relaxed. The contraction was graded according to the modiﬁed
Oxford grading system [10]. After a 5-minute rest, the physical
therapist repeated the procedure.
Surgical procedure
Patients enrolled into the reconstruction group underwent
pelvic reconstructive procedure as previously described by Fatton
et al [1]. In the reconstruction group, 20 patients underwent total
pelvic ﬂoor reconstruction, 10 patients underwent anterior wallTable 3
Postoperative Oxford grading of pelvic ﬂoor muscle strength: reconstruction group vs. c
Group N 0 1
Control group 30 0 0
Reconstruction group (postoperative) 37 0 0reconstruction, and 7 patients underwent posterior wall recon-
struction. All procedures were performed by two experienced
surgeons.
Statistical analysis
The values and variables were indicated as mean ± standard
deviation. Student t test was performed for comparison of variables
in the Gaussian distribution and the Chi-square test was used to
evaluate differences in the distribution of pelvic ﬂoor muscle
strength pre- and postoperatively between the study and control
groups. Paired Student t test was used to evaluate the improvement
of pelvic ﬂoor muscle strength in the reconstruction group. The
differences and correlations were considered as statistically sig-
niﬁcant at p < 0.05. All statistical analyses were carried out using
SPSS version 13.0 (SPSS Inc., Chicago, IL, USA).
Results
In this study, 37 POP patients receiving the modiﬁed pelvic
reconstruction procedure were included as a study group and 30
women admittedwith other surgical indications were included as a
control group from 2008 to 2010. A comparative study was per-
formed to evaluate improvement of pelvic ﬂoor muscle strength in
the reconstruction group. Furthermore, the pre- and postoperative
muscle strengths in the reconstruction group were compared with
the control group, respectively.
There were no signiﬁcant differences in demographic parame-
ters between the reconstruction and control groups, including age,
body mass index, vaginal deliveries, menopause status, and hor-
mone therapy (all p > 0.05).
Preoperative Oxford grading of pelvic ﬂoor muscle strength was
signiﬁcantly lower for the reconstruction group when compared
with the control group (Table 1). Postoperative pelvic ﬂoor muscle
strength was signiﬁcantly improved relative to pre-operative re-
sults in the reconstruction group (Table 2), however, postoperative
pelvic ﬂoor muscle strength in the reconstruction group was
signiﬁcantly lower relative to the control group (Table 3).
Discussion
The main ﬁnding of this study was that the pelvic ﬂoor muscle
strength was signiﬁcantly improved in womenwho underwent the
modiﬁed pelvic reconstruction procedure, but remained lower than
the normal population.
The relationship between the POP and pelvic ﬂoor muscle
strength has been well established in previous studies. The levator
ani muscle is a major component of the pelvic ﬂoor muscle and
plays an important role in supporting the pelvic organs. The
elevated intra-abdominal pressure caused by some factors, such asontrol group.
2 3 4 5 c2 p
0 0 11 19 31.550 <0.001
1 8 27 1
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ani muscle, which can lead to long-term muscle overload [11,12]. If
the contraction force exceeds 30% of maximal voluntary contrac-
tion, local blood vessels could be oppressed, leading to muscle
ischemia, degeneration, atrophy, and pelvic ﬂoor muscle weakness,
thus giving rise to pelvic ﬂoor disorders. Furthermore, previous
studies indicated signiﬁcant pathological changes in the levator ani
muscle from biopsy specimens of POP patients [13e16], including
decreased muscle ﬁber density, island-shaped distribution,
increased ﬁbrous tissue, inﬂammatory cell inﬁltration, and reduced
numbers of nerve ﬁbers. These changes may provide possible
pathological bases for POP occurrence and development.
As a widely used total pelvic reconstructive surgery, the aim of
the modiﬁed pelvic reconstruction procedure is to restore the
anatomical structure of the prolapsed pelvic ﬂoor. If the expected
surgical efﬁcacy is achieved, the overloaded burden of pelvic
muscles is alleviated by anatomical reduction of the pelvic organs,
resulting in improved blood circulation and local nutrition, which
could promote regeneration of impaired pelvic muscle ﬁbers, re-
covery of neurological function, prevention of muscle atrophy, and
improvement in muscle strength and motor function. Additionally,
anatomical reduction may improve the coordination of pelvic ﬂoor
muscle contraction, consequently generating larger torque with
smaller contractile strength at the right angle. Finally, it could
ameliorate muscle hyperextension and avoid muscle fatigue. Based
on these ﬁndings, pelvic ﬂoor muscle strength can be improved by
surgical intervention due to anatomical reduction, which was
conﬁrmed in this study. Therefore, we argue that pelvic ﬂoor
muscle strength should be an important parameter in the assess-
ment of surgical outcomes in POP and be included in both clinical
evaluations and well-designed studies.
In the present study, the pre- and postoperative pelvic ﬂoor
muscle strength was signiﬁcantly lower than the normal popula-
tion, indicating that pelvic ﬂoor muscle strength was poor in POP
patients and could be associated with POP pathogenesis. The
relatively low level of pelvic ﬂoor muscle strength in postoperative
POP patients could contribute to POP recurrence. However, this
interpretation should be carefully adapted, given its basis on the
results of pelvic ﬂoor muscle strength at the 3rd month following
surgery in the reconstruction group. These results merit further
investigation into whether muscle strength restoration might be
observed in a longer follow-up study.
Current research into pelvic ﬂoor muscle strength mainly fo-
cuses on the levator ani muscle [13,14,17,18]. Several methods are
available for measuring levator ani muscle strength, including
vaginal palpation, needle electrode for electromyography, surface
electrode for electromyography, and vaginal pressure measure-
ments. Among vaginal pressuremeasurements, vaginal palpation is
more simple and feasible, whereas other methods have major
drawbacks due to the complex apparatus required and instability
based on various factors, such as body mass index, vaginal length,
and location of the vaginal probe [19].
The major limitation of vaginal palpation is measurement bias,
due to its reliance on subjective assessment. In the present study,
an experienced physical therapist conducted the tests without
being informed of the grouping of the patients, which partially
eliminated subjective bias. However, it was impossible to avoid
subjective bias completely, becausemeasurements were subjective,
indicating defects in the Oxford grading system, which need to be
improved upon.
In conclusion, we present our results of evaluating the surgical
efﬁcacy of pelvic surgery for POP by measuring pre- and post-
operative pelvic ﬂoor muscle strength. Our results indicate that
current available methods for measuring muscle strength need tobe improved upon in order to reﬂect the exact conditions of pelvic
ﬂoor muscle strength. Therefore, it is imperative that simpler, more
feasible and reliable methods for detecting pelvic ﬂoor muscle
strength be determined for clinical research.Conﬂicts of interest
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